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Abstract
This article provides an overview of current recommendations regarding cardiac rehabilita-
tion (CR) after myocardial infarction and its clinical application. Evidence shows that exer-
cise-based CR after cardiac events positively affects the extent of disability and level of quality
of life, and has also important beneficial role in modifying morbidity and mortality. Cardiac
rehabilitation is an integral component of the care for patients who have undergone acute
myocardial infarction, after invasive coronary procedures and those with chronic stable an-
gina. Although in the last four decades physical training has assumed a major role in health
care of coronary artery disease patients, cardiac rehabilitation does not consist exclusively of
regular exercising. Comprehensive cardiac rehabilitation should include the following compo-
nents: clinical evaluation, optimization of pharmacotherapy, physical training, psychological
rehabilitation, evaluation and reduction of coronary disease risk factors, life style modifica-
tion, and patient education. Comprehensive cardiac rehabilitation should be addressed by the
designated team (physician, physiotherapist, nurse, psychologist, dietician, social worker) im-
mediately after acute phase of myocardial infarction and should contain individualized pro-
grams designed to optimize physical, psychological, social and emotional status. Modern model
of comprehensive cardiac rehabilitation should be initiated as early as possible, continued for
required time, properly staged, and individualized depending on clinical status of the patients.
(Cardiol J 2008; 15: 481–487)
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Introduction
According to the 1964 World Health Organi-
zation definition, cardiac rehabilitation includes all
actions undertaken to provide optimal physical,
mental and social environment for the cardiac pa-
tient to let him or her regain maximal functional
capacity in the society [1]. Thus, cardiac rehabili-
tation should be multifaceted and comprehensive.
It should be initiated with first symptoms of car-
diac disease, immediately following the life-thre-
atening phase of an acute coronary event, or in the
early period following invasive treatment. No tem-
poral limits should be imposed on cardiac rehabi-
litation.
Modern cardiac rehabilitation should be [2]:
— comprehensive;
— initiated as early as possible;
— continuous;
— staged;
— individualized depending on the clinical state;
— acceptable for the patient.
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In addition, comprehensive cardiac rehabilita-
tion should include the following components:
clinical evaluation, optimization of pharmacotherapy,
physical training, psychosocial rehabilitation, eva-
luation and reduction of coronary disease risk fac-
tors, lifestyle modification, and patient and family
education [2].
These comprehensive goals require involve-
ment of a multidisciplinary team that includes not
only physician but also physiotherapist, psycholo-
gist, sociologist, and dietetician. The primary goal
of the therapeutic team is to develop an individu-
alized therapeutic plan with the aim of regaining and
maintaining optimal clinical status, as well as phy-
sical, mental, and social capacity of the patient [2].
Physical rehabilitation is a major component of
the comprehensive cardiac rehabilitation. During
the last 30 years, a major breakthrough occurred in
our thinking regarding the role of physical activity
in patients with cardiovascular disease. Until 1960s,
bed rest or major limitation of exercise were con-
sidered beneficial for the majority of patients. In
contrast, moderate or even intense exercise tra-
ining is currently used not only in the prevention
of coronary heart disease, but also as a therapeutic
measure following myocardial infarction, percuta-
neous coronary intervention (PCI), cardiac surge-
ry, and permanent pacemaker or cardioverter-defi-
brillator implantations. For some years now, phy-
sical rehabilitation is also undertaken in patients
with heart failure regardless of its etiology [3–5].
Stages of cardiac rehabilitation
Comprehensive cardiac rehabilitation consists
of an early phase (stages I and II) and a late phase
(stage III) (Fig. 1) [2].
Early cardiac rehabilitation includes two sta-
ges and is undertaken in all patients following an
acute coronary syndrome or exacerbation of chro-
nic angina pectoris regardless of the treatment stra-
tegy (conservative or invasive).
Stage I
Stage I rehabilitation (early in-hospital rehabi-
litation) is initiated immediately following an acute,
life-threatening period of the cardiac disease.
The management goals in this stage include [2]:
— optimization of pharmacotherapy of the under-
lying cardiac disease;
— prevention of the sequelae of immobilization;
— improvement in exercise capacity;
— evaluation of the mental state of the patients,
anxiety reduction, and mental support;
— patient education, including:
— basic information regarding the disease itself,
treatment modalities, and organization of care;
— information regarding coronary heart dise-
ase risk factors and the possible strategies
to reduce them;
— evaluation of the clinical status of the patient (see
risk groups as shown in Table 1) and assigning
appropriate stage II rehabilitation schedule.
Active physical rehabilitation, depending on the
severity of the infarction (complicated versus uncom-
plicated) and possible contraindications (Table 2), is
initiated after 12–48 hours of bed rest. After the
clinical condition of the patient is stabilized (usual-
ly within 2–3 days in case of uncomplicated infarc-
tion), exercise of gradually increased intensity is
initiated under physiotherapist supervision:
Figure 1. Schematic overview of cardiac rehabilitation
following myocardial infarction; ECG — elecrocardio-
graphic; HR — heart rate.
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Dynamic exercise is recommended throughout
stage I rehabilitation. In contrast, exercise resulting
in Valsalva maneuver-like conditions is not advised.
During first days following infarction, rehabilita-
tion should be performed under electrocardiographic
(ECG) monitoring. Heart rate and blood pressure are
measured before exercise, during peak exercise, and
after exercise. Exercise should be immediately ter-
minated in case of the following: coronary chest pain,
dyspnea, heart rate increase by more than 20 beats/
/min or decrease by more than 10 beats/min, signifi-
cant cardiac arrhythmia provoked by exercise, decre-
ase in blood pressure by more than 10–15 mm Hg, or
excessive increase in blood pressure (systolic above
200 mm Hg, diastolic above 110 mm Hg).
Evaluation of the clinical status of the patient
and assigning appropriate stage II rehabilitation
schedule is a critical component of cardiac rehabili-
tation (Table 1, Fig. 1) [4, 5]. Performing an exer-
cise test to determine prognosis (with continued
use of current medications) plays a major role in this
process. In our center, this is planned as a subma-
ximal exercise test but in practice it is usually symp-
tom-limited one because most patients are treated
with beta-blockers and are often unable to perform
submaximal exercise (Table 3). The exercise test
is usually performed at 5–7 days in patients with
uncomplicated infarction treated with PCI, at 10–
–14 days in patients with uncomplicated infarction
Table 1. Exercise-induced cardiac event risk stratification model [6].
Risk factor Risk
Low Moderate High
Left ventricular No significant Moderate Significant
systolic function dysfunction dysfunction dysfunction
EF > 50% EF = 40–49% EF < 40%
Complex ventricular Absent at rest and Resting and exercise-
arrhythmia during exercise -induced
Exercise-induced cardiac ischemia No Yes Yes
Exercise capacity ≥ 7 METs 5–6.9 METs < 5 METs
Hemodynamic response Normal No increase or decrease
to exercise in SBP or HR with
increasing load
Clinical data Uncomplicated NYHA class II Infarction or invasive
infarction/CABG/PTCA procedure complicated
NYHA class I   by cardiogenic shock
and/or pulmonary edema.
Persistent ischemia
following invasive treatment.
NYHA class III–IV
Categorization to low risk group requires all low-risk features to be present. Categorization to high risk group requires only one high-risk feature to be
present. Risk can be categorized as moderate if a given parameter indicates neither high nor low risk or can be explicitly assigned moderate risk category.
CABG — coronary artery bypass grafting; EF — ejection fraction; HR — heart rate; MET — metabolic equivalent; NYHA — New York Heart Association;
PTCA — percutaneous transluminal coronary angioplasty; SBP — systolic blood pressure
— initial phase — breathing exercise, relaxation
exercise, dynamic exercise involving small
muscle groups;
— continuation phase — dynamic exercise invo-
lving large muscle groups, sitting and standing
up, walking;
— at 4–6 days, the patient assisted by the physio-
therapist is allowed to try climbing stairs.
Table 2. Absolute contraindications to initiation
of physical training in patients after a myocardial
infarction.
Unstable angina
Decompensated heart failure
Resting systolic blood pressure > 200 mm Hg,
diastolic blood pressure > 100 mm Hg
Severe symptomatic valvular heart disease
Complex ventricular arrhythmia
Resting paroxysmal supraventricular tachycardia
Complex arrhythmia induced by exercise
III degree atrioventricular block in a patient
without permanent pacemaker
Endocarditis
Pericarditis
Arterial embolism
Thrombophlebitis
Other disease that might worsen due to
physical exercise
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treated conservatively, and with a longer delay de-
pending on the clinical situation in patients with
complicated infarction.
Stage II — recovery
Stage II rehabilitation may be performed in ho-
spitalized or ambulatory patients [2, 5]. In patients
at low risk of exercise-related complications, we
introduced home cardiac rehabilitation monitored
using transtelephonic ECG and with regular super-
vision by a physician and physiotherapist from our
ambulatory cardiac rehabilitation unit. Stage II car-
diac rehabilitation should be initiated as soon as
possible after stage I, optimally at 2–3 weeks fol-
lowing infarction. Duration of stage II rehabilita-
tion depends on the clinical condition of the patient
and the form of rehabilitation (in-hospital: 2–
–4 weeks; ambulatory: 4–12 weeks; home rehabi-
litation monitored using transtelephonic ECG: up
to 12 weeks).
In-hospital stage II cardiac rehabilitation is in-
dicated following stage I rehabilitation in case of:
— clinical condition of the patient that precludes
ambulatory stage II rehabilitation;
— social and environmental barriers hindering
ambulatory stage II rehabilitation (e.g. patients
living in bad social conditions or in a remote
place that is located far away from an ambula-
tory cardiac rehabilitation center).
In-hospital stage II cardiac rehabilitation is
particularly indicated in the elderly and patients
with coexisting diseases.
Management at this stage is directed at full
accomplishment of all major goals of comprehensi-
ve cardiac rehabilitation as described above.
Acceptable exercise intensity and rules of lo-
ading during training should be defined at this sta-
ge, along with information on acceptable and unde-
sirable forms of physical activity during daily life
(Table 4), including sexual activity [4, 5].
Appropriate stage II rehabilitation should be
planned based on the risk of complications related
to exercise training (Table 1). Patients at low risk
of such complications may be referred for ambula-
tory rehabilitation, and after they learn (usually
within 6–12 training sessions) how to monitor them-
selves by measuring heart rate and blood pressure
and estimating exercise load during training, they
may proceed to further home rehabilitation [5]. It
would be ideal to monitor the latter using transte-
lephonic ECG. Patients at moderate risk of compli-
cations related to exercise training may undergo
conventional ambulatory rehabilitation or in some
cases are even referred for in-hospital rehabilita-
tion. Patients at high risk of exercise-related com-
plications should undergo in-hospital rehabilitation
and only exceptionally they may be allowed ambulatory
Table 4. Practical advice for patients who have
suffered a myocardial infarction.
Activities that shoud not be undertaken
Avoid STATIC EXERCISE WITH
TEMPORARY BREATHHOLD
Lifting heavy weights
Pushing a wheelbarrow, car etc.
Changing wheel in a car
Shoveling snow
Opening windows in a train car and other similar
efforts requiring pulling
Hanging curtains and other similar efforts
Digging
Acceptable forms of activity
The most available and simple form of exercise
is WALKING varying distances at varying pace
Bicycle riding
Recreactional games: badminton, volleyball, table
tennis
Swimming in a swimming-pool (water temperature
27–30°C)
Gardening (cutting grass using light lawnmower,
raking, weeding)
Fishing
Table 3. Diagnostic exercise test following
a myocardial infarction.
Type of exercise test Termination criteria
Submaximal test Heart rate 120/min
70% of the maximal
heart rate
Workload 5 METs
Symptom-limited test Chest pain
Increasing dyspnea
or cyanosis
Blood pressure fall
by > 10 mm Hg
Systolic blood pressure
increase to > 250 mm Hg
Diastolic blood pressure
increase to > 115 mm Hg
Dizziness, near fainting
Significant exercise-
-induced arrhythmia
ST segment elevation
by ≥ 1 mm in leads
without pathologic Q
Patients request
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cardiac rehabilitation. Physical activity in patients
at moderate or high risk of exercise-related compli-
cations should be individualized. Close medical
supervision as well as ECG and blood pressure mo-
nitoring are essential. Patients at moderate risk of
complications related to exercise training may pro-
ceed to further home rehabilitation after an initial co-
urse of training sessions (2 months) if they tolerate
exercise well and are able to monitor themselves [5].
In-hospital and ambulatory stage II cardiac re-
habilitation includes [2, 4]:
— general fitness training (breathing gymna-
stics, stretching and relaxation exercise, wa-
ter-based exercise – considered more attracti-
ve by the patients than other forms of rehabili-
tation, safe and resulting in similar impro-
vement in fitness compared to bicycle ergo-
meter training [7]);
— endurance training:
— interval training using bicycle ergometer or
treadmill, lasting for 15–30 min with 3 min
load periods alternating with 2–3 min pe-
riods of rest;
— continuous training lasting for 15–30 min
(bicycle ergometer or walking).
— resistance exercise performed as part of statio-
nary training (e.g. interval training using bicyc-
le ergometer exercise alternating with rowing,
stepping, and treadmill exercise) to supple-
ment uniform bicycle ergometer exercise.
Similarly to stage I rehabilitation, stage II and III
exercise should be terminated or modified if the
following occur: coronary chest pain, dyspnea, he-
art rate increase to values exceeding maximum
heart rate or decrease by more than 10 beats/min
despite increasing load, significant cardiac arrhyth-
mia provoked by exercise, decrease in blood pres-
sure by more than 10–15 mm Hg, or excessive in-
crease in blood pressure (systolic above 200 mm Hg,
diastolic above 110 mm Hg) [2].
Stage III — secondary prevention and
healthy lifestyle
Stage III cardiac rehabilitation may be perfor-
med on an outpatient basis in patients living in the-
ir homes or takes place in specialized rehabilitation
facilities. This may be either individual or group
activity that is periodically supervised by primary
care physicians and/or physicians and physiothera-
pists based at cardiac rehabilitation units [8].
The goals of stage III rehabilitation include:
— control of pharmacotherapy;
— maintaining optimal mental and physical con-
dition of the patient;
— reduction of coronary artery disease risk factors;
— promotion of healthy lifestyle.
Stage III cardiac rehabilitation usually begins
at 2–4 months after the onset of disease and is con-
tinued lifelong. Patients usually do not require con-
stant medical supervision and monitoring of exer-
cise training [3–5].
In some patients, high risk of physical training-
related complications may continue for years. The-
se patients would be candidates for ambulatory re-
habilitation but due to logistic, financial and perso-
nal problems home-based rehabilitation often
remains the only feasible option. Appropriate pa-
tient education is critical in this group, and atten-
tion should be given to such issues as prescribing
appropriately intense exercise, the ability of the
patient to identify worrisome symptoms, and pa-
tient self-monitoring during the training. In addi-
tion, easy telephone contact with the physician is
extremely important, in particular if transtelepho-
nic ECG monitoring is also possible [5].
Stage III cardiac rehabilitation may include
various forms of physical activity (Table 4). Exer-
cise intensity should be individualized. Recommen-
ded activity includes walking, cycling, general fit-
ness training, and team games (without competiti-
ve sports). Training sessions should be performed
at least twice a week and last 45–60 min.
Forms of physical exercise
used in cardiac rehabilitation
Physical exercise used in cardiac rehabilitation
include isotonic (dynamic) exercise, isometric (static)
exercise, and resistance training that combines iso-
metric and isotonic exercise [5].
Isotonic exercise result in muscle movement
without increasing its tension. This leads to incre-
ased left ventricular preload. Response to exercise
depends on the amount of muscle involved and
exercise intensity. Isometric exercise is muscle
contraction without its translocation. This leads to
increased left ventricular afterload, related to faster
increase in blood pressure and heart rate compa-
red to dynamic exercise. While dynamic exercise
has more beneficial effect on the control of meta-
bolic coronary risk factors, resistance training is
more beneficial for patients in terms of improving
fitness during their everyday activity [5].
Regardless of the form of physical activity,
stage II and III training should be preceded by
a 5-min warm-up followed by the main training ses-
sion, and finished with a 5-min period of cool-down
exercise [2, 4].
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Monitoring of exercise training
During all stages of cardiac rehabilitation, exerci-
se training should be initiated according to guidelines
regarding acceptable workload. Exercise intensity is
set based on the results of initial stress testing [5].
The following approaches to set acceptable wor-
kload have been used in cardiac rehabilitation [5]:
Target heart rate (HR) during training is
set based on the exercise test result: resting HR +
+ (maximum HR – resting HR) × (40–80)%.
As may be seen above, a wide range of target
heart rate is acceptable (40–80% of the functional
reserve) depending on the training stage and the
form of exercise. Lower target heart rate values are
used during initial or continuous training. Exercise
may be more intense (up to 80% of the heart rate
functional reserve) with good exercise tolerance in
well-fit patients, and during interval training.
Target workload resulting in the achieve-
ment of target heart rate during training. Workload
may be set in Watts or metabolic equivalents
(METs) based on the stress test result (maximum
training workload equals the workload during the
exercise test that resulted in the achievement of
the target training heart rate). Thus, maximum ac-
ceptable workload during ergometer or treadmill
training is set and compared to the workload during
everyday activities of the patient.
Exercise intensity may by measured sub-
jectively using the Borg scale (Table 5). This is
used to gauge training intensity in patients who are
unable to perform an exercise test [5]. The recom-
mended training intensity is the score of 12–13,
while score of 14–16 is acceptable during short pe-
riods of training in patients at low risk of exercise-
related complications who tolerate the training well.
Regardless of the approach used to evaluate
and set workload during training, less intense exer-
cise is always associated with a lower risk of com-
plications, while more intense exercise is associa-
ted with a higher risk of complications but leads to
faster improvement of the cardiorespiratory fitness.
Training workload and frequency to achieve desi-
red improvement in physical capacity and fitness
should be set individually [5].
Recommended exercise training frequency
Similarly to exercise intensity, training frequ-
ency should also be set individually. In addition to
initial fitness of the patient, factors that should be
taken into account include physical activity related
to the profession of the patient and his or her daily
life activity. Epidemiologic data suggest that mini-
mal training frequency/intensity required to obtain
benefits from physical activity is 30 min three
times a week, equal to the energy expenditure of
700 kcal/week, and optimal moderate physical acti-
vity is 30 min 5–7 times a week with the energy
expenditure of 2000–3500 kcal/week [5, 9, 10].
Summary
Cardiac rehabilitation as outlined above is
a multifaceted and comprehensive process and not
just mere “some morning exercise”. However, phy-
sical activity is a crucial component of cardiac re-
habilitation, and the lack of physical activity is an
established risk factor of atherosclerosis and car-
diac death, including sudden death [10].
Low level of physical activity seen in the Polish
population regardless of the age group is alarming.
Reluctance to undertake regular exercise training or
even recreational physical activity is common. Many
patients commencing cardiac rehabilitation have never
exercised regularly before, have no habit or need to
engage in any physical activity, and easily become
disheartened with training. Even healthcare profes-
sionals neglect the importance of physical activity in
primary and secondary prevention. The responsibili-
ties of primary care physicians should include appro-
priate education regarding regular physical activity,
safety of the training, and reduction of cardiovascular
disease risk factors. If stage II or III cardiac rehabili-
tation is not feasible, minimum advice for the patients
should be 30 min of walking every day.
Table 5. Subjective scale of exercise intensity.
20-grade Borg scale for subjective evaluation of
exercise intensity.
6
7 Minimal exercise
8
9 Very light exercise
10
11 Light exercise
12
13 Moderately intense exercise
14
15 Intense exercise
16
17 Very intense exercise
18
19 Maximal exercise
20
487
Ryszard Piotrowicz, Jadwiga Wolszakiewicz, Cardiac rehabilitation following MI
www.cardiologyjournal.org
Acknowledgements
The authors appreciate help of Piotr Jędrusik
with preparation of the authorized English version
if the manuscript.
References
1. World Health Organization: Rehabilitation of patients with
cardiovascular disease: Report of a WHO expert committee.
WHO Technical Report Series, 1964; 270.
2. Piotrowicz R, Dylewicz P, Jegier A. Kompleksowa rehabilitacja
kardiologiczna. Folia Cardiol, 2004; 11: (suppl. A): A1–A48.
3. Ades PA. Cardiac rehabilitation and secondary prevention of cor-
onary heart disease. N Engl J Med, 2001; 345: 892–902.
4. Dylewicz P, Przywarska J, Borowicz-Bieńkowska S et al.
Wybrane problemy rehabilitacji pozawałowej. In: Opolski G,
Filipiak KJ, Poloński L eds. Ostre zespoły wieńcowe. Chapter
15. Urban & Partner, Wrocław 2002; 465–471.
5. Fletcher GF, Baldy GJ, Ezra A et al. Exercise standards for
testing and training. A statement for Healthcare professionals
from the American Heart Association. Circulation, 2001; 104:
1694–1740.
6. American Association of Cardiovascular and Pulmonary Reha-
bilitation. Guidelines for Cardiac Rehabilitation and Secondary
Prevention Programs: Promoting Health & Preventing Disease.
3rd ed. Human Kinetics, Champain, Ill 1999.
7. Dobraszkiewicz-Wasilewska B, Baranowski R, Korzeniowska-
-Kubacka I, Rydzewska E, Osak J, Piotrowicz R. Porównanie
efektów treningu interwałowego i treningu w wodzie u pacjentów
po zawale serca i operacyjnym leczeniu choroby wieńcowej.
Wyniki wstępne. Folia Cardiol, 2004; 11: 831–837.
8. Fletcher GF, Balair SN, Blumenthal J, Carpersen C, Chaitman B,
Epstein S. Statement on exercise: benefits and recommenda-
tion for physical activity programs for all americans. A state-
ment for health professional the Committee on Exercise and
Cardiac Rehabilitation of the Council of Clinical Cardiology.
American Heart Association. Circulation, 1992; 86: 340–
–344.
9. Oldridge NB, Guyatt GH, Fischer ME, Rimm AA. Cardiac
rehabilitation after myocardial infarction. Combined experi-
ence of randomized clinical trials. JAMA, 1988; 260: 945–
–950.
10. Sesso HD, Paffenbarger RS. Physical activity and coronary heart
disease risk in Men. The Harvard Alumni Health Study. Circula-
tion, 2000; 102: 975–980.
